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ABSTRACT 
 Nairobi, Kenya’s capital city, is one of the fastest growing cities in the 
world. There is necessity to investigate the effects of urbanization on the cli-
mate of  the city. This study looked into the long-term urban modification of 
annual weather conditions by studying the relation between the weather ele-
ments and urbanization indicators.  
 The results showed that Nairobi city is growing at a high rate as evi-
denced by a population growth of about 6.9% annually. The temperature was 
found to have been modified by urbanization such that there is a warming 
trend; the stations that were more urban recorded a high rate of temperature 
increase as compared to the less urban stations revealing the formation of an 
urban heat island.  Rainfall trend was similarly found to be increasing with 
time; however, the change in humidity was found to be insignificant. It fur-
ther revealed that some of the long term changes in climate over the city 
were due to changes in surface and atmospheric characteristics of the city 
such as surface roughness, smoke and destruction of vegetation cover, as a 
consequence of urbanization. 
 The environmental implications such as urban surface temperature 
modification on human comfort are significant. It was suggested that in or-
der to control these trends and to obtain more favourable and healthy cli-
matic conditions, the acreage of green areas must be increased. Incorpora-
tion of the findings in the future planning of the city is hence recommended. 
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1. INTRODUCTION 
 Given the large and ever-increasing 
number of urban dwellers globally, and the 
profound effects of cities and their inhabi-
tants on the atmosphere, both within and 
beyond urban limits, ever-increasing atten-
tion is being directed to the study of urban 
climates. 
 Urban climates are highly modified 
local climates and are often characterized  
by higher temperature, lower humidity and 
rainfall, and weaker winds than surrounding 
rural areas. These differences in climate 
parameters vary depending on the factors such as 
the presence of industrial areas emitting exces-
sive heat or air pollutants, urban density, the ori-
entation of streets, topography and population of 
cities, amount and type of green areas, form and 
heat capacity of buildings. 
 Urbanization is the process by which an  
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increasing proportion of the population 
comes to live in urban centres (Hardoy and 
Satterthwaite, 1989).  Densely populated 
human settlements imply an increased use 
of fuels for various kinds of application and 
the result is increased release of heat and 
pollutants into the environment. Industries 
and factories release heat and pollutants 
into the urban boundary layer. In addition, 
an increase in motor vehicles result in a 
high consumption of fossil fuel resulting in 
an increase in heat and air pollutants 
emission into the urban boundary layer 
(Ng’ang’a, 2003). This causes the local 
climate to be substantially warmer than the 
surrounding, a phenomenon known as the 
Urban Heat Island (UHI) (figure 1). 
Precipitation and humidity patterns are 
also greatly modified depending on the 
area.  
 An understanding of the urban 
climate is therefore important in the 
planning and design of urban settle-
ments for the comfort of the urban 
dwellers.  
 The overall objective of this 
study was to investigate the impacts of 
urbanization on the climate of Nairobi 
city in Kenya. The specific objectives 
were to examine the effects of  
urbanization on mean temperature fields, an-
nual rainfall and relative humidity patterns. 
Nairobi has experienced some of the highest 
growth rates of any city in Africa. Since its 
foundation in 1899, Nairobi has grown to be-
come the largest city in East Africa, despite 
being the youngest large city in the region. 
According to GoK (1999) the growth rate of 
Nairobi is currently at 6.9% per annum and is 
projected to reach 5 million by the year 2015 
(Figure 3). 
 Studies have shown  that, urbanization 
effects are noticed even for settings of popu-
lations as small as 10,000 (Karl et al., 1988) 
and the magnitude of the urban heat island effect 
is linearly correlated with the logarithms of the 
population (Oke, 1973).  
 According to Shepherd (2005), urban 
areas with rapid land cover and land use changes 
suffer significantly from human activities. 
Understanding the human impacts on nature 
especially vegetation cover is a central 
component of global change studies and 
simulation of urban environments in a climate 
model framework is a practical research 
approach.  
 There are no adequate recent studies that 
have been done to observe the effect of Nairobi’s  
Figure 1: Urban heat island profile 
urbanization and its impact on the local 
climate and further proposed adaptation to 
the likely climate change-related dangers 
over the next few decades to fit well within 
a local development agenda and thus the 
justification of this research. There is there-
fore need to study local climatic changes 
due to urbanization and future expecta-
tions in order to support decision making 
towards better urban planning presently 
and for the future.  
 Kenya is situated on the Eastern 
coast of Africa, and lies astride the equator. 
It lies between latitudes 5.5° north and 5° 
south and between longitudes 34° and 42° 
east. Nairobi city; Kenya’s capital city is lo-
cated at 1 17’S 36 49'E and has a land 
area of 684 km . 
 The urban heat island has become a 
growing concern; for more than 100 years. 
In rural areas, a large part of the incoming 
solar energy is used to evaporate water 
from vegetation and soil. In cities, where 
less vegetation and exposed soil exists, the 
majority of the sun’s energy is absorbed by 
urban structures and asphalt. Hence, during 
warm daylight hours, less evaporative cool-
ing in cities allows surface temperatures to 
0 0
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Addition city heat is given off by vehicle and fac-
tories, as well as by industrial and domestic heat-
ing and cooling units. This effect causes the city to 
become (1 to 6oC) warmer than surrounding 
landscapes. The impacts also include reducing 
soil moisture. 
 Every settlement is capable of generating 
an UHI, regardless of its size (Mills, 2006). Obser-
vations for UHI studies display common charac-
teristics, the urban–rural difference reveal itself 
as a pool of warm air with largest values closest 
to the urban centre. At the urban edges, tempera-
ture changes are rapid and thereafter increase 
more slowly. However in the vicinity of green 
parks, lower temperatures are observed. The 
strength of the UHI is referred to by the maximum 
urban – rural difference recorded. Its magnitude 
is greatest at night, under clear skies and with 
little wind. Under such conditions, surface cooling 
is associated with radiation exchange. While ex-
posed rural sites cool rapidly after sunset, urban 
sites cool more slowly .The difference between 
urban and rural sites grows with time after sun-
set and reaches a maximum difference after about 
4 hours. The maximum UHI value recorded is usu-
ally found in the centre of the settlement which is 
generally larger for bigger settlements (Karl, et 
al., 1988). 
  
Figure 2: The area of study 
Source: www.unep.org/.../Images/nairobi_map.jpg 
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 Studies on urban-rural climatic dif-
ferences have long been carried out since 
Howard (1833) , who reported that night 
was 3.7 c warmer and day was 0.34 c 
cooler in the London city than the country-
side in early 1800s. In recent studies, Karl, 
et al. (1988) stated that in the US, annual 
mean temperature at stations in populated 
area of 10 000 people or more were 0.1 c 
warmer than the nearby stations located in 
rural areas with a population of less than 
2000. 
 Rainfall enhancement in urban ar-
eas has been attributed to higher condensa-
tion nuclei concentrations over the urban 
areas, the thermal and frictional effects of 
the area (Changnon, 1996; Vogel and Huff, 
1978).Rainfall may be enhanced by air pol-
lution that increases the number of conden-
sation nuclei through the atmospheric addi-
tion of smoke and dust particles. Also, the 
additional generation of heat within the 
city increases the number of convection 
currents over that surface, the convection is 
key in the development of thunderstorms.  
 Urbanization is strongly correlated 
with increment in greenhouse gases emis-
sion, according to IPCC (2008), theoretical 
and climate model studies suggest that in 
climate that is warming due to increasing 
greenhouse gases; a greater increase is ex-
pected in extreme precipitation as com-
pared to the mean.  Hence, anthropogenic 
influence may be easier to detect in ex-
treme precipitation than in the mean. This 
is because extreme precipitation is con-
trolled by the availability of water vapour, 
while mean precipitation is controlled  by 
the ability of the atmosphere to radiate 
long –wave energy to space, and the latter 
is restricted by increasing greenhouse 
gases.  
 Urban effect has been found to be 
associated with stimulation of rain output 
in ongoing storms as opposed to an in-
crease in frequency of storms (Huff and Vo-
gel, 1978).  
 Generally, rural areas are more hu-
mid than the urban ones almost throughout 
the year with the exception of the wettest 
period of the year. Unkasevic et al. (2001) 
compared the urban –rural/sub urban wa-
ter vapour pressure and relative humidity 
0 0
0
is drier than surrounding areas in the afternoon 
throughout the year. Similarly, in the study of Ro-
baa (2003) in Cairo, it was found that on the basis 
of relative humidity, urban atmosphere is drier 
than its surrounding areas throughout the year. 
Fortuniak et al. (2006) analyzed data from two 
automatic stations in Poland (one rural and one 
urban) for the period 1997-2007, he found out 
that relative humidity is lower in town, some-
times by more than 40%. 
 
2. DATA AND METHODOLOGY 
2.1  Data 
 The data used in the study comprised of 
two categories: 
 (i) The climate data which comprised 
of monthly rainfall, humidity and tem-
perature elements of Nairobi City for 
about forty years to date. The meteoro-
logical stations are Muguga Forest Station, 
Moi Air Base, Muguga KARI, Dagoretti 
Corner, Kabete Agrometeorological Sta-
tion, and Nairobi Wilson Airport. 
 (ii) Urbanization indicator: Nairobi 
City population that was obtained from 
the Kenya National Bureau of Statistics for 
about twenty years (GoK, 2007). 
 
2.2  Methodology 
 The Single mass curve technique was used 
to test data homogeneity while Graphical Meth-
ods were used in trend detection.  
 Correlation analysis was used to deter-
mine the relation of urbanization indicator
(population) to climatological parameters. 
  
3.  RESULTS AND DISCUSSION 
 
3.1  Estimation of Missing Data 
 Spatial correlation and Arithmetic Mean 
methods were used to estimate missing data. 
Rainfall data of all the stations used was available 
except that for Dagoretti Corner for the year 1988 
that was estimated. 
 
3.2 Urbanization indicators 
 
3.2.1  Population 
 Nairobi’s population is growing with time 
(figure 3).  
 There are wide varieties of standards of 
living in Nairobi. Most wealthy Kenyans live in 
Nairobi City but the majority of Nairobi 
population is poor. Half of the population has  
been estimated to live in slums which cover 
just 5% of the city area. The growth of 
these slums is as a result of urbanization 
following increase in rural to urban migra-
tion in search of employment and educa-
tion. The growth of slums is also due to 
poor town planning.  
 
3.2.2  Energy Sales to Nairobi 
 The consumption of energy in Nai-
robi has generally been increasing with 
time; 1996 to 2005 (figure 4). There was 
however a significant decline in energy 
sales from 1999 to the year 2001 with the 
lowest in the latter; 2001.  
 Energy consumption increase is a 
good indicator of urbanization in the sen-
sethat energy drives all forms of livelihood  
in which  economy is included. Urbanization goes 
hand in hand with increase in the number of in-
dustries, rise in household and  increase in fuel 
consumption by the transport sector.  
 Increase in fuel consumption in Nairobi 
can be attributed to domestic and industrial fuel 
consumption as well as rise in the number of ve-
hicles. The rise in fuel consumption is strongly 
correlated with an increment in Green House 
Gases emission causing warming effect to the city.  
 The mean of the first data set was 24.33 
while the second set had 24.47. This clearly indi-
cates a positive trend (i.e., an increase in the 
mean maximum temperature with time). The ur-
ban air temperature is therefore gradually rising 
in Nairobi city as is the case in other cities of the 
world. One of the possible  
 
Figure 3: Time series of population for Nairobi city 
Figure 4: Time series of fuel sales in Nairobi 
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Figure 5 : Maximum temperature trend for Nairobi 
Figure 6 : Minimum temperature trend for Nairobi 
Figure 7 : Rainfall Trend for Nairobi  
causes may be the drastic reduction in the 
area nder vegetation in cities, implying 
that land use planning becomes critical in 
determining the environmental quality.  
 Since Nairobi does not have a 
large evenly distributed industrial areas 
that could emit excessive heat and smoke 
except in a small location, the main reason 
for climate change especially in tempera-
ture may be modified surfaces and atmos-
pheric features in urban areas. Urban en-
vironments mainly consist of impervious 
surfaces which have lower albedo than 
rural surfaces.  
 
3.3 Trend Analysis 
3.3.1 Trend Analysis of minimum 
 Temperature  
 The graphical method clearly sug-
gests an increasing trend of minimum 
temperature (figure 6) further supported 
the view of a warming urban environ-
ment. 
 
3.3.2 Trend analysis of Rainfall 
 Rainfall trend is observed to be 
increasing (figure 7) 
 This can be attributed to a collec-
tion of aerosols with a typical size be-
tween 0.01 and 10 micrometer that reside 
in the atmosphere for at least several 
hours, affecting the climate directly 
through scattering and absorbing radia-
tion and through acting as cloud conden-
sation nuclei.  
 The increase of heat in Nairobi city 
leads to increase in the rate of convection 
over the city. Increase in convection leads 
to increment in rainfall frequency as well 
as the amounts. 
 
3.3.3 Humidity Trend Analysis 
 A plot of humidity against the re-
spective time in years indicates negative  
humidity trend (figure 8). 
 It is the reduction of humidity 
with time that shows the city is becoming 
drier as an effect of urbanization. Due to 
urbanization, the extent of water seepage 
into the earth surface is generally low thus 
reducing the amount of water available 
for evaporation. Similarly, the amount 
vegetation cover is low thus leaving the  
earth surface exposed to intense heating and defi-
nitely end up being dry.  
 
3.4  Correlation Analysis  
 The correlation coefficient was found to be 
0.7587 between population and minimum tempera-
ture. A coefficient of 0.3578 was realized for the rela-
tion of maximum temperatures and population. The 
coefficient of correlation between population and 
humidity was 0.0282 and 0.0879 for rainfall. 
 In all cases, correlation was positive. Urbani-
zation was found to be highly correlated with mini-
mum temperature and least correlated with rainfall. 
One parameter (minimum temperature) can there-
fore be used to estimate or predict urbanisation 
given the high correlation coefficient of 0.7587. Rain-
fall on other hand was found to be not strongly corre-
lated to population and can therefore not be used as 
an index of urbanisation. 
 
3.5  Regression Analysis Minimum Tem p e r a -
ture and Population 
 From the plot of population and minimum 
temperature (figure 9), it was evident that there was 
a direct positive relationship between the two. 
 The value of coefficient of determination is 
0.575, was about 58% of the variability in minimum 
temperature that can be explained by population 
growth. The remaining percentage; of about 42% of 
the variability in minimum temperature can not be 
explained by human population. 
 
3.6  Comparison Rainfall Trends within and 
 outside the city centre 
 Comparing the trends (figure 10), Moi Air 
Base has a positive slope of 0.132 while Muguga For-
est Station has a weak negative slope of 0.108. The 
rainfall trend in the more urban setting; Moi Air Base, 
increases at a low rate compared to the station in the 
rural setting that shows a slightly decreasing trend. 
 
3.7 Minimum temperature 
 Owing to the incompleteness of Muguga For-
est Station and Moi Air Base minimum temperature 
data, NWA and KAS stations were used as a represen-
tation of more urban and more rural setting respec-
tively. 
 The rate of change of minimum temperature  
over a station in a more urban setting like NWA is 
more warmer than the station in a rural setting like 
Kabete Agrometeorological Station (Figure 11).  
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Figure 8 : Humidity Trend for Nairobi 
Figure 9 : Nairobi population-minimum temperature regression 
Figure 10 : Rainfall trends of Moi Air Base and Muguga Forest Station 
Figure 11 : Nairobi Wilson Airport (NWA) and Kabete Agrometeorological Station (KAS) Minimum 
Temperature trend  
Figure 12 : Nairobi Wilson Airport (NWA) and Kabete Agrometeorological Station Maximum Tem-
perature trend 
Figure 13 : Kabete Agrometeorological Station (KAS) and Nairobi Wilson Airport (NWA) Humidity 
trend 
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This finding indicates a higher modification  
of population growth on minimum tem-
perature in less urban setting in compari-
son to a more urban setting. 
 
3.8 Maximum Temperature 
 The rate of maximum temperature 
increase at Nairobi Wilson Airport which is 
more urban is higher than at Kabete 
Agrometeorological Station (figure 12). 
 The city is generally getting warmer 
than the more rural locations. This comes 
down to a difference between the energy 
gains and losses of each region. There are a 
number of factors that contribute to the 
relative warmth of cities: During the day in 
rural areas, the solar energy absorbed near 
the ground evaporates water from the 
vegetation and soil. Thus, while there is a 
net solar energy gain, this is compensated 
to some degree by evaporative cooling. In 
cities, where there is less vegetation, the 
buildings, streets and sidewalks absorb the 
majority of solar energy input.  Also, the 
city has less water and higher runoff rates 
because the pavements are largely nonpor-
ous (except where there are potholes). 
Thus, evaporative cooling is less which con-
tributes to the higher air temperatures.  
 Waste heat from city buildings, cars 
and trains is another factor contributing to 
the warm cities. Heat generated by these 
objects eventually makes its way into the 
atmosphere. This heat contribution can be 
as much as one-third of that received from 
solar energy. The thermal properties of 
buildings also add heat to the air by con-
duction. Tar, asphalt, brick and concrete 
are better conductors of heat than the vege-
tation of the rural area.  
 The canyon structure that tall 
buildings create enhances urban warming. 
During the day, solar energy is trapped by 
multiple reflections off the buildings while 
the infrared heat losses are reduced by ab-
sorption. However, urban heat island ef-
fects can also be reduced by weather phe-
nomena although it is not applicable in the 
study. The temperature difference between 
the city and surrounding areas is also a 
function of the synoptic scale winds. Strong 
winds reduce the temperature contrast by 
mixing together the city and rural air.  
3.9 Humidity  
 Humidity in the more rural setting like 
Kabete Agrometeorological Station (KAS) is 
showed increasing while in more urban setting 
like  Nairobi Wilson Airport (NWA), is shown to 
decrease with time (figure 13). 
 It therefore affirms that the city is becom-
ing drier in comparison to its environs.  
 
4.  CONCLUSIONS 
 The main purpose of this study was to 
determine the urbanization effect on the climate 
elements over Nairobi City using historical tem-
perature, relative humidity and rainfall data.  
 The findings of this study have estab-
lished that Nairobi City is growing at a high rate 
of about 6.9%. Population growth is directly pro-
portional to energy use, while an increase of fossil 
fuel energy implies an increase in emission of 
heat from domestic use, industries, green house 
gases and dust particles into the environment. All 
these have the effect of increasing air tempera-
ture. 
 The trend test results show that there has 
been a significant warming trend in both the 
mean maximum and minimum temperature in 
the urban setting. This was found to be more sig-
nificant in the surface minimum temperatures as 
compared to maximum temperatures. In contrast, 
the maximum temperature at the less urban set-
ting does not show any significant trend. This 
therefore ascertains that there is an urban in-
duced modification (warming) in the surface tem-
perature.  
 Trend test for rainfall showed an increase 
in rainfall amounts, thus, there is modification of 
rainfall by urbanization at least within the city.   
 Humidity was tested and found to be in-
significantly decreasing with time over the city. A 
further comparison between the more urban and 
the less urban station showed that there is a de-
crease in humidity levels in the more urban set-
ting than in the less urban setting. This implies 
urban settings are becoming drier as result of ur-
banization. 
 The environmental implications of such 
urban surface temperature modification are very 
sensitive to human comfort and therefore the 
findings in this study should be incorporated in  
the current and future planning programs of the 
city. 
 
5. RECOMMENDATIONS  
 Green areas in cities have been consid-
ered as potential measure in mitigating the urban 
heat island effect (Wong and Yu, 2005). Urban  
forest areas which serve as urban lungs 
should be enlarged and be well maintained. 
Related professionals whose work fields 
are planning and designing, e.g. landscape 
architects and urban planners, should seek 
new ways of providing healthy environ-
ments for people considering the basic 
principles of their occupations, e.g. leaving 
enough vegetated spaces. Another ap-
proach for the construction of thermally 
comfortable environments may be the clus-
tering of newly developing cities by placing 
large green areas between them and by re-
ducing the size of population and surface 
areas of the settlements. Since the number 
of such studies in developing countries like 
Kenya is insufficient, their quality and 
quantity should be increased in order to 
provide local people with more livable ur-
ban environments. 
 Decentralization of resources to 
minimise rural – urban migration, reduced 
urban population, reduces pressure on ur-
ban resources. This reduces the rate of de-
pletion of natural resources such as clear-
ing of vegetation to create room for settle-
ment and business centres. Reduction in 
population goes a long way in reducing 
amount of waste disposal. 
 Intensification of the network of 
meteorological stations so as to enhance 
their coverage of the city and other urban 
centres should be encouraged because suf-
ficient climate data from the stations will 
facilitate more accurate research in future.    
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Each manuscript must be complete and final 
when submitted. Article length should be less 
than 7500 words (including appendixes but 
not references or figure captions) or about 26 
double-spaced typed pages. KMS authors are 
encouraged to submit their manuscripts elec-
tronically (see section 5), and in many cases 
KMS can use files prepared in Microsoft Word, 
and other formats directly in the typesetting 
process. If not submitting electronically, four 
copies of the text and photocopies of large 
drawings are required. All copy (including ta-
bles, references, and list of figure captions) 
must be double spaced, on one side only, and 
have wide margins, and all pages must be 
numbered consecutively. The font used should 
be no smaller than 12 point and the line spac-
ing should be double spacing. 
 
a. Components of a manuscript  
Each manuscript should include the following 
components, which should be presented in the 
order shown. 
 
1). Title, name and affiliation of each author, 
dateline, any current or additional af-
filiations, and corresponding author ad-
dress and e-mail. These items should ap-
pear on the first page by themselves, with 
the abstract beginning on page 2. The date 
of receipt of the manuscript will be sup-
plied by the Editors. 
2). Abstract. A concise (250 words) abstract 
is required at the beginning of each article 
and, at the discretion of the chief Editors, 
at the beginning of appropriate shorter 
contributions. Authors should summarize 
their conclusions and methods in the ab-
stract. First person construction should 
not be used in the abstract, and references 
should be omitted because they are not 
available per se to abstracting services. 
 
3). Text. The text should be divided into sec-
tions, each with a separate heading and 
numbered consecutively. The sec-
tion/subsection headings should be typed 
on a separate line [e.g., 1. Introduction, a. 
Data, 1) RADIOSONDE, and (i) Experiment 
1]. 
 
4).. Acknowledgments. Omit the word 
"number" from grant or contract ac-
knowledgments. 
 
5)..Appendix. Lengthy, mathematical analy-
ses whose details are subordinate to the 
main theme of the paper should normally 
appear in an appendix. Each appendix 
should have a title. 
 
6)..References. References should be ar-
ranged alphabetically without numbering. 
The text citation should consist of the au-
thor's name and year of publication, [e.g., 
“according to Rossby (1945),” or “as 
shown by an earlier study (Rossby 
1945)”]. When there are two or more pa-
pers by the same author in the same year, 
the distinguishing suffix (a,b, etc.) should 
be added. More information on preparing 
and arranging references is provided in 
section 3d of this document. 
 
7).Figure captions. Each figure must be pro-
vided with an adequate caption; all cap-
tions should be listed together, double 
spaced, for typesetting. Authors must in-
clude single-spaced captions directly on  
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 the figures used for the reviewer cop-
ies. Authors are encouraged to remove 
captions from the final print quality 
original vesions of the hard copy fig-
ures . 
 
8). Illustrations and tables.Each figure 
and table must be cited specifically in the 
text. The figure number will be typeset 
and should not be part of the illustration.  
 Authors should label figure panels 
with lowercase lettering, preferably in the 
upper-left corner within the figure panel. 
All tables should have a double-spaced 
caption, and table text and headers also 
should be double spaced. 
   
b. Figures 
All figures printed in the journal are 
placed on the composed page as an elec-
tronic image file. The highest quality of 
reproduction is possible if authors supply 
electronic files of any images that were 
originally created in an electronic form. 
Instructions for transmitting both the 
original and review (captioned) versions 
of figure files are provided on the KMS 
manuscript upload page at the KMS Edi-
tors e-mail. If the original files change in 
number or content during the review 
process and have already been uploaded, 
they can be uploaded again. Authors must 
still send at least one set of high-quality 
hard copy versions of the original figures 
to KMS Offices, even if some or all are 
available in electronic form, because they 
aid in evaluating the quality of the typeset 
figures and serve as a backup for scanning 
if the electronic files have problems. These 
hard copies must contain only one num-
bered figure per page, but that figure can 
contain multiple panels. They no longer 
have to be captionless, although it is still 
preferred. Authors will be reminded by 
the field editor during the review process 
to send figures to KMS. If a field editor 
needs hard copy versions of the peer-
review (captioned) figures for any 
reason, the author also will be notified. 
More information on electronic figure sub-
mission is available in the KMS Editor’s e-
mail. Illustrations and photographs that 
were not originally produced electroni-
cally should be submitted as high-quality hard 
copies that can be electronically scanned by the 
printer for optimal reproduction. 
The print-quality original electronic figure 
files must be in EPAuthors should attempt to visu-
alize mathematical expressions as they will       
appear in print. Avoid built-up fractions and other 
complicated equation structures in text. Instead, 
have complicated expressions appear as display 
equations, that is, as equations centered on their 
own line. Display equations are usually numbered 
consecutively to facilitate their citation in text, 
which is done by using the equation number in 
parentheses set flush right. 
Because of KMS typesetting requirements, 
authors who use Microsoft Word to prepare their 
manuscripts are asked to use MathType version 5 
to prepare their display equations, rather than 
making entries from the keyboard, and to avoid 
the use of MathType entirely in running text, using 
the keyboard exclusively except to create over-
barred variables or variables with stacked su-
per/subscripts that cannot be easily created from 
the keyboard. Following this practice will greatly 
reduce production time for mathematics-heavy 
papers. 
Authors can facilitate the correct typesetting of 
their equations by using the correct typeface for 
variables. Scalar variables are set as italic (with S, 
TIF or MS word format.  
Halftone reproductions of photographs and dense 
stippling patterns do not scan well and should be 
avoided. Authors should strive to submit their fig-
ures at the size they will appear (but do not sub-
mit photocopy reductions in place of larger, 
higher-quality originals), with the understanding 
that the technical editors will reduce the figures to 
the maximum extent possible while still preserv-
ing legibility. Note any unusual layout require-
ments. Multiple-panel figures should be combined 
into a single electronic file and/or hard copy when 
possible in order to avoid additional handling 
charges. The printing of color figures in the jour-
nal represents a significant additional expense 
that is passed on to authors in the form of in-
creased author charges (see section 6). 
 
c. Mathematical formulas, units, and time and 
date 
the exception of multiple character vari-
ables, e.g., RH or SST), vectors are set as boldface 
roman (e.g., V), and matrices and tensors are set 
as boldface sans serif (e.g., A). If the author cannot 
reproduce these typefaces, he or she should  
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indicate vectors with a single wavy line under 
the character and matrice(in print versions) or 
provide a list of variable types (if submitting 
electronically).  
 No other mathematical symbols should 
be underlined. Subscripts or superscripts are 
usually set as lightface, even when applied to 
vectors or matrices, and are set italic unless the 
subscript or superscript is an acronym or abbre-
viation (e.g., T L, TLCL, Vg, Vobs).  
 Units should be SI with the exception of 
a few approved non-SI units of wide meteoro-
logical or oceanographic usage that are de-
scribed in the AG. Units should be set in roman 
font using exponents rather than the solidus (/) 
and with a space between each unit in a com-
pound set (e.g., m s-1 rather than m/s or ms-1). 
  Day, month, and year are written in the 
form “26 May 1998” in KMS publications. Do not 
abbreviate the names of months except in figure 
captions or tables. The recommended time zone 
annotation system is universal time and is ab-
breviated UTC. Time, time zone, day, month, and 
year are written in the form “1619 UTC 26 May 
1998.” The use of other time zones is permissi-
ble—for instance, EST, EDT, PST, LST (local 
standard time), or LT (local time). Do not use Z 
or GMT in place of UTC. Astronomical or military 
time (i.e., a 24-hour clock) is required. 
 
d. References 
A complete “Guidelines for Preparing Refer-
ences” may be obtained from KMS Headquarters 
or online in the AG. A few of the most common 
reference types are shown here. In order for the 
cross-reference linking now possible through 
the KMS Journals Online to work properly, refer-
ences must be complete and properly formatted. 
Authors are encouraged to invest the time 
needed to prepare the references according to 
KMS style. 
 
1) FOR A JOURNAL ARTICLE 
Reference must consist of last name and initials 
of author(s), year of publication of journal, title 
of paper, title of journal (italicized or underlined 
and abbreviated, volume of journal (boldface), 
number of issue (only if required for identifica-
tion), and first and last page numbers of the pa-
per. For example: 
 
Charney, J. G., and A. Eliassen, 1964: On the 
growth of the hurricane depression. J. Atmos. 
Sci., 21, 68–75. 
Wallace, J. M., and P. V. Hobbs, 1977: Atmos-
pheric    Science: An Introductory Survey. 
Academic Press, 350 pp. 
 
2) FOR A BOOK 
Reference must consist of last name and ini-
tials of author(s), year of publication of 
book, title of book (italicized or underlined), 
publisher’s name, and total pages. For exam-
ple: 
 
Wallace, J. M., and P. V. Hobbs, 1977: Atmos-
pheric    Science: An Introductory Survey. 
Academic Press, 350 pp. 
 
3) FOR A CHAPTER IN A BOOK 
For a book or monograph that is a collection 
of papers written by independent authors, 
the reference must be made to the authors 
of a particular  
chapter and consist of last name and initials 
of author(s), year of publication of book, title 
of the chapter, title of book (italicized or un-
derlined), name of editor(s), publisher’s 
name, and inclusive pages for the chapter. 
For example: 
Anthes, R. A., 1986: The general question of 
predictability. 
Mesoscale Meteorology and Forecasting, P. 
S. Ray, Ed., Amer. Meteor. Soc., 636–656. 
 
For a chapter in a book that is part of a 
monograph series, the format is similar but 
includes the volume and number of the 
monograph. For example: 
 
Arakawa, A., 1993: Closure assumption in 
the cumulus parameterization problem. 
The Representation of Cumulus Convec-
tion in Numerical Models, Meteor. 
Monogr., No. 46, Amer. Meteor. Soc., 1–16. 
 
4) CONFERENCE PREPRINT OR PRO-
CEEDINGS 
Reference must consist of last name and ini-
tials of author(s); year of publication; title of 
paper; indication of the publication as a pre-
prints, proceedings, or extended abstracts 
volume; name of conference volume 
(italicized or underlined); city and state 
where conference was held; conference 
sponsor’s name; and pages of the paper. For 
example: 
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Kalnay, E., and Z. Toth, 1994: Removing growing 
errors in the analysis cycle. Preprints, 10th 
Conf. on NumericalWeather Prediction, Port-
land, OR, Amer. Meteor. Soc., 212–215. 
 
References should be to peer-reviewed lit-
erature whenever possible. Technical reports, 
conference proceedings, and other “gray litera-
ture” should be referenced only when no other 
source of the material is available, and an 
“available at” address should be provided for 
reports and dissertations. 
 
4.  Manuscript submission 
 All articles in meteorology and its appli-
cations are welcome for submission and authors 
are encouraged to study carefully the sections 
on manuscript preparation. 
The manuscript should be submitted to KMS 
through online submission at the KMS Editor’s  
e - m a i l  r o k o o l a @ u o n b i . a c . k e  o r 
kmsmails@yahoo.com. Note that hard copy 
manuscripts and related material for all journals 
are now submitted directly to KMS Editor.  If a 
manuscript meets the KMS submission qualifica-
tions (described in the table below), it will be 
turned over to the chief editor’s office to begin 
peer review. The chief editor and the journal’s 
editorial board will oversee the peer review of 
the manuscript and will correspond directly 
with the author concerning the disposition of 
the submission. 
 The submission must include the follow-
ing components: 
1) a cover letter that includes the manu-
script title and full contact information, 
including mailing address, phone and fax 
numbers, and e-mail address, for one of 
the authors (usually the lead author), as 
well as any additional information re-
quired for the manuscript,(see section 
2);  
2) the copyright transfer forsigned by all  
  
authors (see section 2), and, 3) if 
submission is by hard copy rather 
than online, five complete copies of 
the manuscript and figures with cap-
tions below (three for J. Phys. Ocean-
ogr.). In addition, KMS still requires 
at least one set (two if electronic files 
are not available) of original hard 
copy figures, preferably without cap-
tions, by the time the paper is ac-
cepted. A summary of requirements 
for successful qualification of manu-
scripts is given at the end of this 
document. For online submission 
requirements, see the next section. 
 
5.  Online manuscript submission 
The KMS journal now accepts manuscripts 
in electronic form through an online submis-
sion process. There are constraints that 
must be met before a manuscript can be 
submitted online. These constraints and the 
submission process itself are discussed in 
this document. Authors may submit a soft 
copy as an attachment in ms word.  
 
The KMS upload software will automatically 
create for peer review a PDF file that con-
tains the double-spaced manuscript,the ta-
bles, and the figures with captions below. 
The author can view it and approve it for 
submission to the chief editor. 
 
6.  Publications charges 
KMS has not developed a page 
charge policy. These page charges are de-
signed to cover the cost of editorial, compo-
sition, and related work needed to prepare 
an article for publication. Reproduction of 
color figures is significantly more expensive 
and results in higher publication charges. 
Payment of publication charges may be ex-
pected by the Society in the near future in 
view of the color printing that is necessary. 
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